A plausible explanation for cointegration among spot currency rates determined i n efficient markets is the existence of a stationary, time-varying currency risk premium. Such an interpretation is contingent upon stationarity of the forward premium. However, empirical evidence on the stochastic properties of the forward premium series has been inconclusive. We apply a panel unit-root test-the Johansen likelihood ratio (JLR) test-to forward exchange premiums by utilizing cross-sectional information from their term structure. In contrast to earlier studies, the JLR test provides decisive and temporally stable evidence in support of stationary forward premiums, and therefore foreign exchange market efficiency, for six major currencies.
Introduction
The weak-form efficiency hypothesis of foreign exchange markets presents testable implications for the time series behavior of systems of spot currency rates. Researchers' empirical findings of cointegration in systems of spot exchange rates (Alexander and Johnson (1992) , Lopez (1996) , and Bollerslev (1989, 1994a) , inter alia) would seem to contradict the market efficiency hypothesis, since a cointegrated system necessarily implies the presence of predictability of returns in at least one currency. 2, 3 Does the existence of cointegration among spot rates imply a rejection of the market efficiency hypothesis? 4 Crowder (1994) argues that the cointegrating relationship may merely reflect a common feature: a time-varying currency risk premium evident in several currencies' returns. 5 Under conditions of risk aversion, foreign exchange market efficiency implies that a time-varying risk premium must share the same stochastic properties with the error-correction term from the cointegrated system, that is, it must be covariance stationary. Since the risk premium is unobservable, its stochastic properties cannot be directly ascertained, but it can be shown that they depend on the order of integration of the forward premium.
Therefore, the finding of a stationary forward premium would directly imply stationarity of the currency risk premium, which would be compatible with the temporal behavior of the error correction term from a cointegrated system of spot exchange rates. Our investigation of the foreign exchange market efficiency hypothesis thus proceeds from a study of the stochastic properties of forward premiums.
The empirical evidence on the stochastic properties of forward premiums is decidedly mixed. Using daily data for four currencies, Crowder (1992) finds that forward premium series are nonstationary processes. Crowder (1994) confirms such unit-root evidence for monthly forward premium series for three currencies, and concludes that the data do not support the market efficiency hypothesis. Luintel and Paudyal (1998) find daily forward premium series for five currencies to be realizations of unit-root processes, while Horvath and Watson (1995) and Clarida and Taylor (1997) reach the conclusion that forward premiums are stationary processes. Baillie and Bollerslev (1994b) report that the forward premium series are best characterized as neither I(1) nor I(0) processes, but as fractionally integrated processes.
In this paper, we place this issue in sharper contrast by employing more powerful tests of the stationarity hypothesis for forward premium series. The contradictory findings in the literature may reflect the well-known limited power of conventional unit-root tests against stationary alternatives in small samples. In contrast, we evaluate these relationships by employing a panel unit-root test.
Compared with individual time series, panels of series contain more observations and greater total series variation. We strengthen the power of our tests by utilizing the cross-sectional information available in the term structure of forward exchange premiums. To test the unit-root hypothesis, we employ the Johansen likelihood ratio (JLR) test, a multivariate unit-root test recently proposed by Taylor and Sarno (1998) , which offers important methodological advantages over first-generation panel unit-root tests. Applying the JLR test to daily observations for six major currencies over panels of 1-, 3-, 6-and 12-month contract maturities, we obtain decisive and temporally stable rejections of the unit-root hypothesis for forward exchange premiums. This evidence stands in sharp contrast to the mixed empirical findings in the literature, and is consistent with foreign exchange market efficiency under conditions of risk aversion.
The plan of the paper is as follows. Section 2 presents the analytics of the forward premium and the implications of its stochastic structure for foreign exchange market efficiency. In Section 3, we present details of the test employed, while Section 4 presents our empirical findings. Conclusions and further implications for empirical research are discussed in the final section.
Analytics of the Forward Premium
We briefly present below the theoretical basis underlying the connection between the time-series dynamics of the forward premium and the foreign exchange market efficiency hypothesis in its weak form. Under conditions of risk aversion i n the foreign exchange market, it follows that
where f t is the log forward rate at time t for delivery m periods later, S t+m is the corresponding log spot rate at time t+m, rp t,m is a time-varying risk premium o n forward contracts, and E t (.) is the mathematical expectations operator conditioned o n the time-t available information set. A risk premium exists if risk-averse economic agents demand compensation above expected spot rate depreciation for holding forward contracts and is hypothesized to be a source of the forward rate bias.
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Assuming that expectations of foreign exchange spot rates are rational,
S E S u t m t t m t m
where u t+m , the rational expectations realized forecast error, must have a conditional expected value of zero and be uncorrelated with any information available at time t (the orthogonality condition). Substituting (2) into (1) yields
The future spot rate may be rewritten as the sum of the current spot rate and the future change, which when incorporated into (3) yields
Thus, the forward premium is decomposed into three components: the spot return, the forward risk premium, and the rational expectations error term. Since currency spot rates are best characterized as martingales, the spot returns series S t+m -S t is a martingale-difference (I(0), or stationary) process. The rational expectations forecast error u t+m , is an I(0) process by definition. Consequently, the order of integration of the forward risk premium, rp t,m , in (4) is contingent upon the order of integration of the forward premium, f t -S t .
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The stochastic structure of rp t,m , and therefore of f t -S t given equation (4), has important implications for the weak-form efficiency hypothesis in the foreign exchange market. Given that a number of studies establish evidence of cointegration in systems of spot exchange rates, it follows from the Granger representation theorem that the returns series for at least one currency in the cointegrated system must be predictable on the basis of the error correction term (disequilibrium error).
Such predictability might profitably be exploited and thus would constitute a violation of the weak-form market efficiency hypothesis, thereby linking the concepts of cointegration and market efficiency.
Crowder (1994) argues that the predictability of the cointegrated currency spot rates derived from the error correction term may not be a violation of foreign exchange market efficiency if the error correction term serves as a proxy for a currency risk premium. This explanation would be empirically confirmed if the risk premium, consistent with the time series properties with the error correction term, is a covariance stationary process. However, barring any other explanation for the presence of common stochastic trends among spot exchange rates, nonstationary dynamics (unit roots) in the currency risk premium would imply a violation of the foreign exchange market efficiency hypothesis, as the stationary error correction term could not possibly serve as an instrument for a nonstationary currency risk premium. Given equation (4), the integration order of the forward premium has direct implications for the stochastic structure of the currency risk premium and, consequently, for foreign exchange market efficiency.
The Johansen Likelihood Ratio (JLR) Test
Johansen (1992) suggests a maximum likelihood method to determine the number of common trends in a system of unit-root variables. Without any loss of generality, a p -dimensional vector autoregressive (VAR) process of k-th order can be written as follows:
where ∆ is the first-difference operator, µ is a (p x 1) matrix of constants, X t is a (p x 1) random vector of time-series variables with order of integration of at most one, t ε is a sequence of zero-mean p-dimensional white noise vectors, i Θ are (p x p) matrices of parameters, and Π is a (p x p) matrix of parameters, the rank of which contains information about long-run relationships among the variables in the VAR. 8 Expression (5) is referred to as the vector error correction model (VECM).
If Π has full rank, that is, rank Π ( )= p , then all variables in the system are stationary. If the rank of Π is zero, then no cointegrating vectors exist. In the case of 0< r < p , r cointegrating vectors exist. In this case, there exist (p x r) matrices α and β such that Π = α ′ β . β is the matrix of cointegrating vectors and has the property that ′ β t X is stationary even though the t Χ may be individually I(1) processes.
Following Sarno and Taylor (1998) and Taylor and Sarno (1998) , the null hypothesis that one or more of the system processes are nonstationary can take the form of
and be tested against the alternative that all system processes are stationary, that is,
To test the hypothesis in (6), it suffices to test whether the smallest of the characteristic roots of Π is zero, as a rejection necessarily implies that all characteristic roots of Π are nonzero and therefore Π possesses full rank. Such a test can be constructed on the basis of the following test statistic, referred to as the Johansen likelihood ratio (JLR) test statistic:
where p λ is the smallest eigenvalue of the generalized eigenvalue problem
The ij S matrices are residual moment matrices from the VECM in (5). Taylor
and Sarno (1998) show that the JLR test statistic in (8) Hence, this null will be rejected if even one of the series in the panel is stationary.
Under these conditions, rejection of the unit-root null can be driven by a few stationary series and the whole panel may erroneously be modeled as stationary. The rejection frequencies for such tests are sizable even when there is a single stationary process with a near-unit root among a system of otherwise unit-root processes (Taylor and Sarno (1998) 
Data and Test Results
We analyze daily U.S. dollar spot and 1, 3-, 6-, and 12-month forward rates for per cent levels, for all lag-length specifications across currencies except for certain VECM lag-orders for the DM (in which the null hypothesis is rejected at the 10 per cent level). For our sample currencies, the null hypothesis that the matrix of longrun multipliers is less than full rank (implying that one or more of the system variables is a nonstationary process) is strongly rejected in favor of a full rank impact matrix, thus implying that the stochastic evolution of the forward exchange premiums at all maturity horizons is consistent with that of a stationary process. clearly point toward dynamic stability and provide strong evidence against the hypothesis that the forward premiums contain a unit root. Therefore, the possibility that the predictability implied by the cointegrability of spot exchange rates reflects the predictability implied by a currency risk premium cannot be eliminated.
Conclusions
We apply the JLR test, a multivariate unit-root test, to panels of forward premium series that exploit dependencies in the term structure of forward exchange premiums, rather than cross-country variation. In contrast to much of the empirical literature, we find decisive evidence that the forward premiums for six major currencies (at all tenors considered) are stationary processes. We attribute the contradictory findings in previous studies to the low statistical power of the conventional, univariate unit-root tests they employed. Our findings have several implications. First, stationary forward exchange premiums help reconcile the cointegration of currency spot rates with the hypothesis of weak-form foreign exchange market efficiency (under risk aversion) à la Crowder (1994) . The presence of common stochastic trends among spot exchange rates could serve as proxies for a currency risk premium. Second, given that the forward premium reflects the stochastic structure of the currency risk premium, our findings support stationary behavior for the risk premia of our sample currencies (relative to the U.S. dollar), which is justifiable on theoretical grounds. 17 Finally, domestic and foreign nominal interest rate differentials are stationary processes, given the covered interest rate arbitrage condition in the international financial markets.
Notes
1 The weak form of asset market efficiency states that no asset price should be forecastable from the prices of other assets.
2
According to the Granger representation theorem (Engle and Granger (1987)), cointegration implies the existence of Granger-causal orderings among cointegrated time series. While deviations from equilibrium dissipate, they impact the short-run dynamics of the set of asset prices, implying predictability of an asset price on the basis of the others. Such predictability suggests the existence of arbitrage opportunities across markets. 1996b) and Crowder (1996) further debate the issue. Cerchi and Havenner (1988) provide evidence of increased predictability for stock prices of five department stores based on their cointegrating relationship with one dominant common trend. 5 The presence of a time-varying foreign exchange risk premium is one possible explanation for the cointegration of spot exchange rates. As Crowder (1994) points out, peso problems, learning, regime shifts, or other unobserved factors consistent with rational behavior in an efficient foreign exchange market could provide alternative plausible explanations.
6 rp t,m represents in fact a risk premium only if economic agents have rational expectations (in that sense, termed a rational expectations risk premium). In a broader context, deviations between forward rates and corresponding future spot rates could reflect risk aversion and/or the absence of rational expectations.
7 Nonstationarity of the forward premium would imply that the commonly estimated regression of future spot currency depreciation on the forward premium is not a "balanced" regression in the sense of Engle and Granger (1987) . 8 The rank of a matrix is equal to the number of its nonzero characteristic roots. Among the European currencies in our sample, only BP is not a participating currency in the Euro-zone. 11 The maximum lag order for the test is calculated from the sample size according to the rule provided by Schwert (1989) using c=12 and d=4 in his terminology.
12 The inference drawn is not materially altered if the ADF-GLS test is applied to the detrended forward premium series. Harvey (2000) . This multivariate test has a null hypothesis that there are K<N common trends in a set (or panel) of N time series. If K=0 is specified, the NyblomHarvey test (like the well-known KPSS test for a single series) has a null hypothesis of stationarity against the alternative that at least one random-walk component is present. For all our panels and across orders of serial correlation, the test fails to reject the null that there are no common trends, or random-walk components, at Table 1 for data details. Each panel consists of the forward premium series for each currency with contract maturities m = 1, 3, 6, and 12 months (a total of four series). The null hypothesis in the JLR test is that at least one of the system variables under consideration is a unit-root process with the alternative being that all system variables are stationary processes. The Vector Error Correction Model (VECM) is estimated for various lag orders k to ensure robustness of inference. The asymptotic distribution of the JLR test is 2 χ 1 ( ); the critical value adjusted for finite-sample bias is given by
, where T is the number of observations, p is the number of system variables (dimension of the system), and k is lag order in the VECM. ***, **, and * indicate statistical significance at the 1, 5, and 10 per cent levels, respectively. Statistical significance is indicated in reference to adjusted critical values. 
